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Minerals + RNA  
Bind RNA  
Protect RNA from damage and degradation
Polymerize activated RNA monomers   
Minerals and RNA in early life 
RNA
Highly conserved RNA 
structures support central 
biological functions 
Monomers present in many 
coenzymes
Minerals
Bind, concentrate, and 
protect/react with organics
Structural similarities to 
many inorganic cofactors 














Minerals can impact RNA folding
Directly through contact between minerals and RNA








Ditzler MA, Sponer J, 
Walter N. (2009) RNA








Swadling JB, Coveney PV, Greenwell HC 






What RNA can do?
How common are functional 
RNAs in sequence space? 
How complex do functional 
RNAs need to be? 
How RNA can evolve new 
functions?
How does the environment 
impact the evolution of 
functional RNAs?
In vitro evolution of RNA





























































6x1014 DNA templates  
1054 Possible Sequences
Variable sequence (90bp) 5’ fixed Cleavage
sequence
3’ fixed 3’ fixedT7 promoter 
The same conditions
Fe2+ pH 7 vs. Fe2+ pH 7 
Change the ion









Fe2+ pH 7  (reads) Mg2+ pH 7 (reads)
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Mg2+ pH 5  (reads) 
Different conditions favor the evolution of 
different sequences 
Popović, M., Fliss, P.S., Ditzler, M.A. (2015). 
In vitro evolution of distinct self-cleaving ribozymes in diverse environments. 














No clay Mg2+ pH 7  (reads) 
Different conditions favor the evolution of 
different sequences (sometimes)
Without clay vs. with clay
Mg2+ pH 7 
Stephenson, J.D., Popović, M., Bristow, T.F., Ditzler, M.A. (2016). 
Evolution of ribozymes in the presence of a mineral surface. 

















































































































Different conditions favor different structures 
(except when they don’t)
- Mg2+  , pH 7
- Mg2+ , pH 5
- Fe2+  , pH 5
- Mg2+  , pH 7 with
montmorillonite clay
- Fe2+ , pH 7
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Direct impact of minerals may be greater for 
inter-molecular functions 
Preliminary L1 ligase ribozyme activity 
strongly inhibited by montmorillonite in 














Direct interactions with mineral surface have limited impact on RNA 
evolution (at least with respect to folding)
- Transition away from clay surface does NOT require evolution of 
new structures
- Conclusions based on prior in vitro evolution experiments CAN be 
applied to RNA on mineral surface 
Mg2+ and Fe2+ support the evolution of similar structures at neutral pH
- Transition from Fe2+ to Mg2+ does NOT require evolution of new 
structures
pH has a large impact on RNA evolution and favors different structures 
- Changes in pH would result in the evolution of new structures
- Many conclusions based on prior in vitro evolution experiments 
may NOT apply at low pH 
- We need to pay close attention to how the mineral environment  
influences pH in an RNA world 
Conclusions
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